Vibrio vulnificus causes primary septicemia as a result of the consumption of contaminated seafood. The intestinal epithelial layer is the first host barrier encountered by V. vulnificus upon oral intake; however, epithelial translocation (invasion) of V.vulnificus has not been extensively studied. In this study, we investigated in vivo translocation of V. vulnificus using clinical (CMCP6) and environmental isolates (96-11-17M). And we analyzed physiological changes of intestinal epithelium concurrent with bacterial translocation by using polarized HCA-7 transwell culture system. The efficiency of epithelial translocation of 97-11-17M strains was significantly lower than that of pathogenic clinical isolate CMCP6 in a murine ligated ileal loop model. In an oral infection model, the survival rate was reciprocally related with efficacy of in vivo epithelial translocation. These results indicate that efficient translocation of V. vulnificus through intestinal epithelium is highly correlated with successful oral infection. We determined translocation of the bacteria from upper to lower chamber, changes of transepithelial electric resistance (TER) and cytotoxicity of the polarized HCA-7 cells to understand general features of V. vulnificus invasion. Bacterial translocation was accompanied by big decrease of TER (about 90%) and about 50% cytotoxicity of the epithelial cells. Taken together, these results indicate that V. vulnificus actively translocates the epithelium by destruction of epithelium and the efficiency of intestinal invasion by V. vulnificus is critical for successful oral infection. From this result, it is suggested that integrity of intestinal barrier is an important factor for susceptibility to oral infection of V. vulnificus.
INTRODUCTION
Vibrio vulnificus is a halophilic estuarine bacterium that can cause fatal septicemia upon the consumption of con- In this study, we selected pathogenic clinical isolate and relatively nonpathogenic environmental isolates, of V.
vulnificus to investigate whether V. vulnificus actively invades the epithelial barrier, and if so, whether efficacy of epithelial translocation is critical for successful oral infection. We present evidence that V. vulnificus actively invades the intestinal epithelial barrier in a destructive manner and the efficiency of epithelial translocation is critical for successful oral infection.
MATERIALS AND METHODS

Bacterial strains and growth conditions
The V. vulnificus strains used in this study are listed in Table 1 . V. vulnificus strains were grown in 2.5% NaClcontaining heart infusion (HI) medium (Becton Dickinson; Sparks, MD, USA).
In vivo invasion assay
To assess the invasion of the CMCP6 (17) 
In vivo growth of V. vulnificus
To compare the in vivo growth of CMCP6 and 96-11-17M, we performed dialysis tube implantation assays. which contained 2 ml of 1 × 10 7 CFU/ml V. vulnificus cells were surgically implanted into the rat peritoneal cavity. The bacteria were harvested 2, 4, and 6 hours after implantation for bacterial viable cell counting on 2.5% NaCl HI agar plates.
Serum bactericidal activity
To determine the sensitivity of the V. vulnificus strains to serum bactericidal activity, 0.22 μm membrane-filtered human normal pooled sera (NPS) was used. Logarithmicphase V. vulnificus strains were inoculated in 75% NPS in PBS at an initial concentration of 1 × 10 8 CFU/ml and incubated at 37℃. Viable V. vulnificus cells were counted on 2.5% NaCl HI agar plates after 30 and 60 min of incubation as previously described (20, 21) .
Intragastric infection of V. vulnificus
Five-day-old infant CD-1 ® mice (Daehan Animal Co., 
Cell culture and determination of epithelial integrity
HCA-7 cell line was cultured in low-glucose Dulbecco's modified Eagle's medium (DMEM; Life Technologies, Grand Island, NY, USA) with 10% fetal bovine serum and 100 units/ml penicillin plus 100 μg/ml streptomycin at 37℃ with 5% CO 2 , as described previously (23) . Polarized monolayers were generated from cells cultured in complete medium in Transwell ® filter chambers (8 μm pore size;
CoStar, Cambridge, MA, USA). Cells were seeded at 3 × 10 5 in 0.2 ml of media into the upper chamber, and 1 ml of medium was added to the lower chamber. The medium was changed every two days. To determine the degree of polarization of the HCA-7 cells, the trans-epithelial electrical resistance (TER) was measured using a Millicell Electrical
Resistance System-2 (Millipore, Bedford, MA, USA) as previously described (23) . When the TER reached more than 600 ohms, the culture was considered to be properly polarized.
Epithelial translocation (invasion) of the V. vulnificus in polarized epithelial cell system
To measure the epithelial invasion of V. vulnificus, the polarized HCA-7 culture was washed with fresh DMEM media without serum and antibiotics, and bacterial cells at the exponential growth phase suspended in PBS were added to the apical surface on Transwell filters at a multiplicity of infection (MOI) of 5. Bacterial translocation from the upper chamber to the lower chamber was measured by twofold serial dilution and subsequent bacterial viable cell counting on 2.5% NaCl HI agar plates as previously described (20) .
The results are expressed as a percentage of the initial resistance.
Determination of LDH release from polarized epithelial cells
To determine the degree of cytotoxicity of the bacterial strains on the polarized HCA-7 cells, lactate dehydrogenase (LDH) release was measured in culture media collected from the upper and lower chambers using the CytoTox non-radioactive cytotoxicity assay kit (Promega, Madison, WI, USA).
Statistical analysis
The results are expressed as the mean ± SEM unless otherwise noted. Significant differences between two groups were analyzed using Student's t-test. The difference in survival rates between the experimental groups was tested 
Intestinal invasion of V. vulnificus is critical for successful oral infection
In addition to the in vivo invasion assay, we determined the LD 50 for intragastric infection using a suckling murine infection model that is similar to the infection route that occurs during human primary V. vulnificus septicemia. The intragastric (ig) LD 50 value for V. vulnificus CMCP6 was 8.9 × 10 5 /mouse (Table 3) . However, because a group of mice administered the highest dosage of 96-11-17M (1 × (Fig. 2) . Additionally, the clinical symptoms and signs were milder in the mice injected with the mutant strain. These results strongly suggest that transepithelial invasion is prerequisite for successful oral Following repeated experiments, we consistently observed that when approximately 50% LDH release was detected from the upper chamber, the translocation of V. vulnificus had begun (Fig. 3C and data not shown). In contrast, the translocation of 96-11-17M cells was not detected until 5 h after infection. Similarly, TER decrease and LDH release were delayed compared with CMCP6 ( Fig. 3B and 3C ). 
